J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number 



0 183 365 

A2 



EUROPEAN PATENT APPLICATION 



Application numben 85307255.1 
© Date of filing: 10.10.85 



© Int. CI/: A61F 2/06 



@ Prionty: 30.11.84 GB 8430285 

© Date of publication of applicalion: 
04.06.86 Bulletin 86/23 

Designated Contracting States: 
AT BE CH DE FR GB IT U NL SE 



Vascular graft. 

® A metlTOd of producing a vascular graft comprises im- 
pregnating a tube of flexible porous material with gelatinous 
material which contains a gelatin which has been treated to 
cause It to contain a predetermined number of amino groups 
less than that normally present in untreated gelatin then 
treating the impregnated tube to cause the amino groups to 
form cross links with one another. 

The method provides a vascular graft for use in im- 
plantation surgery in which the rate of increase of porosity of 
the graft after implantation can be accurately determined in 
advance. 
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VASCULAR GRAFT 



This invention relates to artificial vascular grafts used 
to take the place of at least sections of blood vessels in 
human and animal bodies. It is an object of the present 
invention to provide a vascular graft which has important 
advantages over known artificial grafts. 5 

Artificial grafts must have-or-acquire-some-degree of 
permeability after implantation so that tissue ingrowth can 
take place. The commercially acceptable manufacturing pro- 
cesses usually employed at present produce grafts which 
while meeting satisfactorily the other necessary characteris- io 
tics have such a high degree of porosity that the seepage 
of blood through the grafts initially at least is unacceptably 
high. 

To reduce this initial high rate of seepage of blood it 
has been the custom to impregnate grafts prior to implanta- 75 
tion with blood usually obtained from the prospective recipi- 
ent This operation has the effect of causing enough pre- 
clotting of blood on the graft to reduce the initial escape of 
blood through the wall of the graft to an acceptable level 
while leaving the penneability sufficient to allow the com- 20 
mencement and continuaton of tissue growth into the grafts. 

With the described method of pre-impregnation there is 
still present the difficulty that pre-impregnation is time- 
consuming. It requires the use of some of the blood of the 
prospective redpient and there is little or no control over the 25 
rate of the necessary break down of the fibrin in the 
impregnating blood. There is also an added difficulty where 
the prospective recipient suffers from a blood coagulation 
defect. 

Attempts have been made to fSDduce grafts which can 30 
be implanted in a substantially impermeable dry state and 
which immediately after irnplantation begin to become per- 
meable. Such proposals have taken the fbnm of impregnat- 
ing porous tubular structures with such materials as gelatin, 
collagen or albumin. A gelatin impregnated graft is not 3S 
porous but when exposed to water the gelatin degrades by 
hydrolysis the rate at which hydrolysis proceeds being high- 
er at the body temperature of 37 *C than it is at normal 
temperature. As such grafts nomially become progressively 
more porous at a rate too fast to keep pace with cutting 40 
and tissue growth it has been proposed to treat the gelatin 
in such a way as to cause cross links to form between the 
amino groups present in the gelatin molecules. Such cross 
linking renders the gelatin more resistant to hydrolysis and 
thus reduces considerably the rate at which the permeability 45 
of the graft increases. One method of initiating cross linking 
comprises exposing the gelatin to formaldehyde. The dif- 
ficulty here is in controlling the number of cross links formed 
and thus the rate of increase of porosity and heretofore 
there has been no sure method of providing a graft which so 
would become progressively more porous at a predeter- 
mined rate. All that could be done was to expose the gelatin 
to the cross linking agent for a time believed to provide the 
desired amount of cross linking and then to remove the 
cross linking agent The known method is actually an art 55 
rather than a science and the behaviour of the grafts 
produced is unpredictable and inconsistent. 

The present invention has for its object to provide a 
graft which requires no pre-impregnation with. fcHood and 
which after implantation starts to degrade and become 60 
permeable at an accurately known rate. It is to be under- 
stood that according to the medical circumstances of dif- 
ferent implantations the porosity of the implanted grafts 
should increase at a rate only sufficient to avoid haemor- 
rhage occumng. The process of the invention permits such 65 
a degree of control of the rate of porosity increase. 



A method of producing a vascular graft according to 
the invention by impregnating a tut^e of flexible porous 
material with gelatinous material then treating the impreg- 
nated tube to cause only the amino groups always present 
in the molecules of gelatinous material to form cross links is 
characterized by including in the gelattnous-material-a-gela — 
tin which has been treated to cause it to contain a predeter- 
mined numt3er of amino groups iess than that normally 
present in untreated gelatin. 

It is an easy matter to ascertain the number of amino 
groups present in any particular sample of gelatin the other 
main ionjc groups being hydroxy!, cartjoxyl arKi arginine 
groups. However it may be said here that the numtier of 
amino groups present in untreated gelatin normally con- 
stitutes around 3.5% of all groups present, see The Sci- 
ence and Technology of Gelatin published by Academic 
Press, 1977, particularly page 94. 

For manufacturing reasons it is sometimes convenient 
to have all the treated gelatin intended to be used for grafts 
with different porosity characteristics treated to the same 
extent, for example 75%, i.e. 75% of all the amino groups 
originally present are converted to other groups, the rate of 
porosity change b^ng then controlled by mixing the treated 
gelatin containing the known proportion of converted amirH> 
groups with a gelatin not so treated in a predetermined 
proportion. 

The treatment to reduce the number of amino groups 
only in a gelatin may comprise reacting the gelatin with the 
anhydride or the chtoride of a polycartxixylic add. A suit- 
able polycart)oxylic acid is succinic acid 
COOHCH,CH,COOH. The treatment is accurately con- 
trollable 80 that it is possible to produce a treated gelatin in 
which a predetermined proportion of the amino groups 
originally occurring in the gelatin has t3e6n converted to 
groups of other types. An example of a gelatin mixture 
found to be satisfactory in particular circumstances contains 
a gelatin treated to convert 75% of the amino groups to 
carboxyl groups. 

A plasticizing agent may be included in the mixture of- 
treated and untreated gelatin. 

Materials capable of causing the formation of drossy- 
links between the amino groups only in a gelatin are al- 
dehydes such as formaldehyde or gluteraldehyde or a mix- 
ture of formaldehyde and gluteraldehyde in predetermined 
proportions. The cross linking treatment may be a two part 
treatment in which the impregnated graft is treated first with 
formaldehyde and then with gluteraldehyde. 

As a final step the graft may be sterilized purety as an 
additional precaution. Such a sterilizing step is not strictly 
speaking necessary since the formaldehyde treatment is a 
steriiizirtg treatment in itself. 

The treatment causes at least some of tfie amino 
groups on each gelatin molecule to be converted to other 
groups on the gelatin molecule, particularly hydroxyl and 
carboxyl groups. Since the treatment can be performed to 
provide accurately known proportions of amino arKi other 
groups on each molecule of gelatin and the p>roportion of 
other groups to amino groups is known within ctose limits in 
ordinary untreated gelatin, by treating the impregnating gela- 
tin to a predetermined percentage of amino group conver- 
sion or choosing particular proportions for a mixture contain- 
ing gelatin treated to a known percentage amino group 
conversion and untreated • gelatin it is possible to know 
exactly how many amino groups are present in relation to 
the other groups. Since it is only the amino groups which 
become cross linked the degree of cross linking can be 
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accurately determined since when the gelatin mixture is 
exposed to the cross linking medium, irrespective of how 
long such exposure takes place cross linking can only take 
place up to the extent of the number of amino groups 
present since the other groups will not cross link. It is the 
number of cross links which determines the rate at which 
degradation of the gelatin takes place because it is through 

the breaking_oL the cross links that the gelatin becomes 

permeable. In the cross linking operation the amino groups 
which cross link iom cross links with other amino groups 
on the same molecule and on other molecules whether of 
treated or untreated gelatin. 

When the graft is- implanted the aqueous constituent of 
the recipient's blood causes hydrolysis of the gelatin mixture 
to start, causing the gelatin to swell giving increased access 
of the water to the cross links which start to rupture under 
the hydrolizing action. A low degree of cross linking resuft- 
ing from a high percentage of amino group conversion 
provides a high degree of swelling and quicker rupture 
under the hydrolizing action whereas a high degree of cross 
linking causes less swelling and a smaller rate of rupture of 
the cross links. Thus the time taken for the cross links to be 
destroyed is readily predetermined according to the percent- 
age of amino group conversion whether using only a treated 
gelatin alone or a mixture of a treated gelaUn and an 
untreated gelatin. . 

Further control of the rate of degradation can be effec- 
ted by the proportion of formaldehyde or gluteraldehyde 
used in the cross linking treatment Cross links formed by 
the action of formaldehyde are more readily broken than 
those formed by gluteraldehyde. A h^h proportion of 
gluteraldehyde to forniaWehyde used in the treatment pro- 
cess . provkjas a graft in which degradation starts to take 
place a. comparatively long time after implanfaUon of the 
graft 

The control of the rate of degradation also provides an 
improved effect in gelatin coatings intended to promote 
other bidogkal acttons. It Is known that gelatin contains . 
binding sites for fibronecttns. Fibronectin is a protein asso- 
ciated with the adhesion of cells to substrates and collagen- 
based materials have been used for example as bum dres- 
sings to encourage the adhesion and growth of epithelial 
cells. 

EXAMPLE 1 

A tube formed as a knitted structure of textile material 
was impregnated under vacuum with a mixture of a gelatin 
which had been treated with the chloride of succinic acid to 
cause 75% of the amino groups present to be converted to 
other groups and a normal gelatin not so treated in the 
proportion 50% treated to 50% untreated gelatin, the tem- 
perature at which impregnation took place was 65 ^-C. The 
gelatin mixture was allowed to gel and the tube was then 
subjected to a treatment with a 20% solution of formal- 
dehyde at pH4 and 4 ''C for a period of 16 hours. 

The formed vascular graft was then washed in five 
changes of pyrogen-free water at room temperature. 

A graft produced according to the example described 
became fully porous in 25 - 30 hours under laboratory test 
conditions. 



EXAMPLE 2 

A graft was prepared as described in Example l ex- 
cept that 75% treated gelatin, we. gelatin which had 75% of 
5 its amino groups converted to other groups, was used 
without admixture with untreated gelatin. This graft became 
fully porous in 5 >8 hours under laboratory test conditions. 

For-pQrpdses of comparison grafts were prepared using 
untreated gelatin only and these were found to become fully 
W porous in a time exceeding 45 hours under the same 
laboratory test conditions. 
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Claims 



1. A method of producing a vascular graft by impregnating 
a tube of flexible ponDus material with gelatinous material 
then treating the impregnated tube to cause only the amino 
groups always present in the molecules of gelatinous ma- 
20 terial to fomi cnsss Onks characterized by including in the 
gelatinous material a gelatin whrch has been treated to 
cause it to contain a predetermined . number of amino 
groups less than that normally present in untreated gelatin. 

25 2. A method of producing a vascular graft according to 
d^m 1 characterized in that the gelatinous material com- 
prises a mixture of gelatin treated to contain the predeter- 
minecl number of amino groups and untreated gelatin, the 
two gelatins being present in the mixture in a predetermined 

30 proportion one to the other. 

3. A method of producing a vascular graft according to 
Claim 1 characterized in that the treated gelatin is treated by 
reacting It with the anhydride or the chloride of a polvcar- 
35 boxylicacid. t^y^ 

4: A method of producing a vascular graft according to 
claim 3 characterized in that the polycarboxylic acid is 
succinic acid COOHCH,CH,COOH. 
40 ' 

5. A method of producing a vascular graft according to 
claim 1 characterized in that the gelatinous material con- 
tains a gelatin which has been previously treated to cause 
75% of the ammo groups originally in the gelatin before 

46 treatment to be converted to carboxyl groups. 

6. A method of producing a vascular graft according to 
claim 1 characterized by treating the gelatinous material 
with at least one aldehyde to cause the formation of cross 

50 links in the amino groups. 

7. A method of producing a vascular graft according to 
claim 6 characterized in that the cross linking, treatment is a 
two part treatment in which the impregnated graft is treated 

55 first with formaldehyde and then with gluteraldehyde. 

8. A vascular graft produced by impregnating a tube of 
flexible porous material with gelatinous material then treating 
the impregnated tube to cause only the amino groups 

60 always present in the molecules of gelatinous material to 
. forrn cross links characterized in that the gelatinous material 
includes a gelatin which has been previously treated to 
cause it to contain a predetermined number of amino 
groups less than that normally present in untreated gelatin. 

65 
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